The plants of the genus Melodinus (Apocynaceae) are widely distributed, and have long been used in folk medicine for the treatment of various ailments such as meningitis in children and rheumatic heart diseases, hernia, infantile malnutrition, dyspepsia and testitis. Over 100 alkaloids together with flavonoids, lignans, steroids, terpenoids and coumarins have been identified in the genus, and many of these have been evaluated for biological activity. This review presents comprehensive information on the chemistry and pharmacology of the genus together with the traditional uses of many of its plants. In addition, this review discusses the structure-activity relationship of different compounds as well as recent developments and the scope for future research in this aspect.
Introduction

General Introduction of the Family Apocynaceae Juss. and Genus Melodinus
The genus Melodinus belongs to family Apocynaceae, a large family of a family of flowering plants that includes trees, shrubs, herbs, stem succulents, and vines, commonly called the dogbane family [1] . The family comprises some 1500 species divided over about 424 genera. The former family Asclepiadaceae is included in Apocynaceae according to the APG III system [2] . Members of the family are native to European, Asian, African, Australian and American tropics or subtropics, with some temperate members [1] . Many species are tall
Traditional and Medicinal Uses
Melodinus suaveolens and Melodinus henryi, have been used in Chinese folk medicine for the treatment of meningitis in children and rheumatic heart diseases [11] . They can also "invigorate the circulation of blood", "stimulate sucking and treat fracture" [12] . It was also used in Chinese folk medicine for the treatment of hernia, infantile malnutrition, dyspepsia and testitis [11] .
Melodinus reticulatus was used to treat cancers as alkaloids were detected in 1983 [13] . Next, several alkalois were detected successively from Melodinus acutiflorus and Melodinus tenuicaudatus [14] [15].
Chemical Constituents
Isolation and structure elucidations of secondary metabolites in Melodinus have been carried out since the 80s [16] The isolation and separation technique is very much dependent on the type of fractions. Substances are separated with liquid chromatography using different solvent mixtures with silica gel [13] , charcoal [17] and sephadex [14] [18] . Other types of analytical techniques include thin layer chromatography (TLC) and high performance liquid chromatography (HPLC) [19] - [22] .
The structures are mainly established by mass spectroscopy (MS), ultra-violet spectroscopy (UV), infrared spectroscopy (IR) and 1 H and/or 13 C nuclear magnetic resonance (NMR).
1
H and/or 13 C spectroscopy is probably the most useful method in structure elucidation [13] - [15] [17]- [20] [22]- [30] .
Among the secondary metabolites isolated from members of the genus Melodinus are mainly focused on alkaloids (indoles, steroids, diterpenes). The main secondary metabolites isolated so far from the genus Melodinus. consists of 30 -35 compounds. The profile of all known secondary metabolites of Melodinus as found in literature and their structures are included following.
Melodinus acutiflorus F. Muell
Rhaxicine 1), rhaximine 2), 16-epi rhazinaline 3), N(l)-methyl-rhazicine 4) [14] [32].
Melodinus aeneus Baill
(+) vincadifformine (5), (−) tabersonine (6), (−) methoxy-11 tabersonine (7), (−) lochnericine (8), (−) lochneinine (9), (−) ibogamine (10), venoterpine (11), (+) tubotaiwine (12), (+) N-oxy tubotaiwine (13), (+) epi16dehydro l4-15 vincamine (14), (+) epi-16dehydro l4-15 vincine (15) [33] .
Melodinus balansae Baill
Venalstonine dehydro 14-15 (16) , venalstonidine epoxy 14-15α (17), paucivenine (18) , pleiomutine (19) [34] .
Melodinus celastroides Baill
(−) tabersoninel (20) , leburnamine (21), lisoeburnamine (22) , leburnamonine (23) [35] . (47) 
Melodinus fusiformis
Melodinus hemsleyanus Diels
Melodinus monogynus Roxb
Medigenin (86), Medinin (87), medigenin acetate (88) [53] . 
Biological Activities
In vitro pharmacological activities of Melodinus.
Four species from Melodinus have been studied for their pharmacological activities. Extracts and pure compounds derived from Melodinus were reported to have a concentrate pharmacological activity of antitumor.
Anticancer Activities
It is known that nature is able to produce a wide variety of chemical entities of novel structure. Many of the new and novel compounds isolated from natural sources might otherwise have never been discovered, especially those of considerable complexity requiring the development of methods for the creation of new ring systems. Natural products appeared to be a promising source for new types of compounds with antitumor activity [56] [57].
MTT assay is dependent on the reduction of the tetrazolium salt MTT (3-(4,5-dimethylthazol-2-yl)-2,5-diphenyl tetrazolium bromide) by the mitochondrial dehydrogenase of viable cells to form a blue formazan product. The assay measures cell respiration and the amount of formazan produced is proportional to the number of living cells present in culture which will result in lower optical density (OD) [58] .
Anticancer activities were reported in 1998, Demethyltenuicausine (I), a new bisindole alkaloid, was isolated from Melodinus hemsleyanus revealed antitumor activities in pharmacological tests [24] .
Antitumor potential was demonstrated by the indole alkaloids from the leaves and twigs of Melodinus fusiformis and Melodinus tenuicaudatus via the MTT biological assay showed significant cytotoxicity against five human tumor cell lines: SW480, SMMC-7721, HL-60, MCF-7 and A-549 [17] [18] .
Nine isolated from Melodinus suaveolens revealed a positive cytotoxicity with IC 50 all around 10 µM against five human cancer cell lines: Five human cancer cell lines, human myeloid leukemia HL-60, hepatocellular carcinoma SMMC-7721, lung cancer A-549, breast cancer MCF-7, and colon cancer SW480 cells [25] .
Other Biological Activities
A pharmacological test revealed that 11-hydroxyvincadifformine which was isolated from the aerial parts of Melodinus hemsleyanus has significant antifertility activity [19] .
Future Perspectives and Conclusions
There is no relative report mentioned the Melodinus products. However, according to its potential, Melodinus, can be published as a high-value export crop for medicinal use.
Although, several research work has been done on some plants of this genus to date, but a large number of species are still chemically and/or pharmacologically unknown. Consequently, a broad field of future research remains possible in which the isolation of new active principles from these species would be of great scientific merit. The alkaloids are of particular interest as many are highly potent bioactive and perhaps responsible for most of activities shown by the plants of this genus. However, the mechanism of their action is still unknown. Hence, a detailed study is required to understand the structure-activity relationship of these constituents. As literature showed, many plant extracts having cytotoxic activity, hence, the particular constituent responsible for the activity may be isolated for further process. In addition, some plant extracts were only screened for their preliminary in vitro activities, so, the advance clinical trial of them deserves to be further investigated. Herein, we described the possible applications in clinical research but further investigations on phytochemical discovery and subsequent screening are needed for opening new opportunities to develop pharmaceuticals based on Stephania constituents.
